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PHOTOSENSITIVE DEVICE 

RELATED APPLICATION 

This is a continuation-in-part application of application 
serial no. PCT/JP00/00468 ?led on Jan. 28, 2000, noW 
pending. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a photosensitive device 

for outputting a one- or tWo-dimensional image as a digital 
signal. 

2. Related Background Art 
A photosensitive device such as a solid-state imaging 

device or the like has an array of a plurality of photosensitive 
elements, each of Which outputs a signal voltage corre 
sponding to the intensity of incident light. Some solid-state 
imaging device converts the signal voltage as an analog 
signal into a digital signal (by A/D conversion), and outputs 
the digital signal. If a signal voltage eXceeds a predeter 
mined value upon A/D conversion, a digital signal to be 
output, Which is obtained by A/D conversion based on that 
signal voltage, is saturated to a value corresponding to the 
predetermined value and, as a result, an accurate sensed 
image cannot be obtained. Hence, conventionally, a signal 
voltage equal to or more than its eXpected maximum value 
is set as the predetermined value to prevent such saturation. 
Also, the dynamic range is increased using a technique such 
as logarithmic compression or the like. 

The solid-state imaging device is used in, e.g., a active 
distance measurement device built in a camera. In this 
distance measurement device, tWo solid-state imaging 
devices sense an image of spot light Which is projected from 
a light-emitting diode LED” or the like toWard an object, and 
is re?ected by the object, and distance measurement is done 
based on the tWo sensed images. At this time, since the 
image With the spot light is superposed spot light compo 
nents upon background light components, the tWo solid-state 
imaging device sense only background light components 
While no spot light is projected, and the difference betWeen 
the images With and Without the spot light components is 
calculated to obtain images of only the spot light 
components, thus improving the distance measurement pre 
c1s1on. 

SUMMARY OF THE INVENTION 

HoWever, in A/D conversion in the conventional photo 
sensitive device, since a large value is set as the predeter 
mined value to prevent saturation, When the intensity of 
incident light on each photodetective element is small, i.e., 
When the signal voltage value is small, the resolution of a 
digital signal output impairs. 

Furthermore, the folloWing problem is posed When an 
image of only spot light components is obtained by sub 
tracting the image sensing result of background light com 
ponents from that of the spot light components and back 
ground light components like in a case Wherein the 
photosensitive device is used in the distance measurement 
device. That is, When the background light components are 
larger than the spot light components, the signal voltage 
output upon detecting the spot light superposed With the 
background light components becomes very large and, 
hence, a large value must be set as the predetermined value 
to prevent saturation. Therefore, the resolution of a digital 
signal output based on the spotlight components obtained as 
the difference further impairs. 
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2 
The present invention has been made to solve the afore 

mentioned problems, and has as its object to provide a 
photosensitive imaging device Which is free from saturation 
even When the intensity of incident light is large, and can 
assure high A/D conversion resolution even When the inten 
sity of incident light is small. 
A photosensitive device of the present invention is char 

acteriZed by comprising (1) a one- or tWo-dimensional array 
of N (N22) photosensitive elements for respectively out 
putting signal currents corresponding to the amount of light 
they receive, (2) N ?rst integrating circuits Which are 
arranged in correspondence With the N photosensitive 
elements, integrate charges in correspondence With the sig 
nal currents output from the photosensitive elements, and 
output signal voltages, (3) a ?rst maXimum value detection 
circuit for detecting a maXimum value of the signal voltages 
output from the N integrating circuits, and (4) an A/D 
conversion circuit for setting an A/D conversion range on 
the basis of the maXimum value detected by the ?rst maXi 
mum value detection circuit, converting the signal voltages 
output from the N ?rst integrating circuits into digital 
signals, and outputting the digital signals. 
The photosensitive device comprises N (N22) sets of 

photosensitive elements and ?rst integrating circuits. Each 
?rst integrating circuit integrates a charge in correspondence 
With a signal current Which is output from each photosen 
sitive element in correspondence With the intensity of inci 
dent light, and outputs a signal voltage. The ?rst maXimum 
value detection circuit detects the maXimum value of the 
signal voltages output from the N ?rst integrating circuits. 
The A/D conversion circuit sets the A/D conversion range on 
the basis of the maXimum value detected by the ?rst maXi 
mum value detection circuit, converts the signal voltages 
output from the N ?rst integrating circuits into digital 
signals, and outputs the digital signals. Note that a signal to 
be selected and detected by the ?rst maXimum value detec 
tion circuit may be the second largest numerical value in 
place of the maXimum value, or a numerical value of an 
appropriate order may be used if necessary. More 
speci?cally, the ?rst maXimum value detection circuit can be 
a ?rst detection circuit for selecting and detecting a speci?c 
signal from N signal voltages. 
The photosensitive device of the present invention may be 

characteriZed by further comprising (1) N second integrating 
circuits Which are arranged in correspondence With the N 
photosensitive elements, integrate charges in correspon 
dence With the signal currents output from the photosensi 
tive elements, and output signal voltages, (2) sWitches and 
capacitors inserted in turn betWeen N sets of neighboring 
second and ?rst integrating circuits, (3) a second maXimum 
value detection circuit for detecting a maXimum value of the 
signal voltages output from the N second integrating 
circuits, and (4) a timing control circuit for controlling 
operation timings of the ?rst and second integrating circuits 
on the basis of the maXimum value detected by the second 
maXimum value detection circuit. 

In this case, the photosensitive device comprises N sets of 
photosensitive elements, second integrating circuits, 
sWitches, capacitors, and ?rst integrating circuits, Which are 
connected in the order named. The capacitor and ?rst 
integrating circuit of each set constitute a so-called CDS 
(Correlated Double Sampling) circuit. Each second integrat 
ing circuit receives a signal current Which is output from 
each photosensitive element in correspondence With the 
intensity of incident light, integrates a charge based on the 
signal current, and outputs a signal voltage. The second 
maXimum value detection circuit detects the maXimum 
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value of the signal voltages output from the N second 
integrating circuits. The timing control circuit controls the 
operation timings of the ?rst and second integrating circuits 
on the basis of the maximum value detected by the second 
maXimum value detection circuit. As a result, various noise 
components are removed from the signal voltages output 
from the second integrating circuits. Note that a signal to be 
selected and detected by the second maXimum value detec 
tion circuit may be the second largest numerical value in 
place of the maXimum value, or a numerical value of an 
appropriate order may be used if necessary. More 
speci?cally, the second maXimum value detection circuit can 
be a second detection circuit for selecting and detecting a 
speci?c signal from N signal voltages. 

The photosensitive device of the present invention is a 
photosensitive device used together With projection means 
for projecting spot light toWard an object, and is also 
preferably characteriZed in that a timing control circuit (1) 
controls the N second integrating circuits to integrate ?rst 
charge amounts on the basis of signal currents output from 
the N photosensitive elements upon receiving spot light 
components and background light components during a ?rst 
period in Which the projection means projects the spot light 
onto the object, and (2) then controls the N second integrat 
ing circuits to integrate second charge amounts on the basis 
of signal currents output from the N photosensitive elements 
upon receiving background light components and controls 
the N ?rst integrating circuits to integrate charge amounts as 
differences betWeen the ?rst and second charge amounts 
during a second period in Which the projection means does 
not project spot light onto the object. In this case, even When 
the background light components of incident light on each 
photosensitive element are larger than the spot light 
components, each ?rst integrating circuit can obtain an 
image of only spot light components by subtracting the 
image sensing result of the background light components 
from that of the spot light components and background light 
components. A digital signal output from the A/D conver 
sion circuit based on the spot light components obtained as 
the difference can have high resolution. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a circuit diagram of a solid-state imaging device 
according to an embodiment of the present invention; 

FIG. 2 is a circuit diagram of a maXimum value detection 
circuit in the solid-state imaging device according to the 
embodiment of the present invention; 

FIG. 3 is a circuit diagram of a timing control circuit in 
the solid-state imaging device according to the embodiment 
of the present invention; 

FIG. 4 is a circuit diagram of an A/D conversion circuit 
in the solid-state imaging device according to the embodi 
ment of the present invention; 

FIG. 5 is a detailed circuit diagram of a variable capaci 
tance integrating circuit in the A/D conversion circuit; 

FIG. 6 is a timing chart for explaining the operation of the 
solid-state imaging device according to the embodiment of 
the present invention; and 

FIGS. 7A, 7B, 7C, and 7D are circuit diagrams for 
eXplaining the operation of the A/D conversion circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An embodiment of the present invention Will be described 
in detail hereinafter With reference to the accompanying 
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4 
draWings. Note that the same reference numerals denote the 
same parts in a description of the draWings, and a repetitive 
description Will be omitted. 

FIG. 1 is a circuit diagram of a solid-state imaging device 
as a photosensitive device according to an embodiment of 
the present invention. The solid-state imaging device 
according to this embodiment comprises N photodiodes 
(photosensitive elements) PD1 to PDN, and comprises an 
integrating circuit (second integrating circuit) 10” sWitch 
SWnZ, capacitor Cnz, integrating circuit (?rst integrating 
circuit) 20”, and sample and hold circuit 30” in correspon 
dence With each photodiode PDn. Note that N is an integer 
equal to or larger than 2 and n is an arbitrary integer betWeen 
1 and N (both inclusive), and the same applies to the 
folloWing description. The solid-state imaging device also 
comprises a maXimum value detection circuit. (second 
maXimum detection circuit, second detection circuit) 100, 
maXimum value detection circuit (?rst maXimum detection 
circuit, ?rst detection circuit) 200, timing control circuit 
300, A/D conversion circuit 400, and shift register 500. The 
capacitor Cn2 and integrating circuit 20” constitute a 
so-called correlated double sampling (CDS) circuit. 
The anode terminal of the photodiode PD” is connected to 

ground, and its cathode terminal is connected to the input 
terminal of the integrating circuit 10”. The photodiode PDn 
outputs a signal current corresponding to the intensity of 
incident light to the input terminal of the integrating circuit 
10” via the anode terminal. 
The integrating circuit 10” comprises a parallel circuit of 

an ampli?er Anl, capacitor CM, and sWitch SWnl, betWeen 
its input and output terminals. When the sWitch SWn1 is 
closed, the capacitor Cn1 is discharged and resetted. When 
the sWitch SW”1 is opened, the integrating circuit 10” 
integrates a charge input from the photodiode PDn at the 
input terminal in the capacitor Cnl, and outputs a signal 
voltage corresponding to the integrated charge from the 
output terminal. The sWitch SWn1 is opened/closed on the 
basis of a reset signal RS1 output from the timing control 
circuit 300. 

A series circuit of the sWitch SW”2 and capacitor Cn2 is 
connected in this order betWeen the output terminal of the 
integrating circuit 10” and the input terminal of the integrat 
ing circuit 20”. The sWitch SW”2 is turned on/off on the basis 
of a control signal SWCNT output from the timing control 
circuit 300. 

The integrating circuit 20” comprises a parallel circuit of 
an ampli?er Anz, capacitor CM, and sWitch SWn3, betWeen 
its input and output terminals. When the sWitch SWn3 is 
closed, the capacitor Cn3 is discharged and resetted. When 
the sWitch SW”3 is opened, the integrating circuit 20” 
integrates a charge input from the capacitor Cn2 at the input 
terminal in the capacitor CM, and outputs a signal voltage 
corresponding to the integrated charge from the output 
terminal. The sWitch SW”3 is opened/closed on the basis of 
a reset signal RS2 output from the timing control circuit 300. 
The sample and hold circuit 30” comprises a sWitch SW”4 

and ampli?er An3 in turn betWeen the input and output 
terminals, and the node betWeen the sWitch SW”4 and 
ampli?er An3 is connected to ground via a capacitor Cn4. The 
sample and hold circuit 30” stores the signal voltage output 
from the integrating circuit 20” in the capacitor Cn4 When the 
sWitch SW”4 is closed, holds the signal voltage in the 
capacitor Cn4 after the sWitch SWn4 is opened, and outputs 
that signal voltage via the ampli?er An3. 

SWitches SWn5 are inserted betWeen the output terminals 
of the sample and hold circuits 30” and the input terminal of 
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the A/D conversion circuit 400. The respective switches 
SW”5 are closed sequentially on the basis of a control signal 
output from the shift register 500, and sequentially output 
signal voltages output from the respective sample and hold 
circuits 30” to the A/D conversion circuit 400. 

The maximum value detection circuit 100 receives signal 
voltages Vn1 output from the respective integrating circuits 
10”, detects a maXimum voltage value Vmwc1 as their maXi 
mum value, and outputs that voltage value to the timing 
control circuit 300. The maXimum value detection circuit 
200 receives signal voltages Vn2 output from the respective 
sample and hold circuits 30”, detects a maXimum voltage 
value Vmax2 as their maXimum value, and outputs that 
voltage value to the A/D conversion circuit 400. 

The timing control circuit 300 receives the maXimum 
voltage value Vmax1 output from the maXimum value detec 
tion circuit 100, and outputs the reset signal RS1 for 
controlling to open/close the sWitches SWnl, the control 
signal SWCNT for controlling to open/close the sWitches. 
SWnZ, and the reset signal RS2 for controlling to open/close 
the sWitches SWn3. 

The A/D conversion circuit 400 receives the maXimum 
voltage value Vmax2 output from the maXimum value detec 
tion circuit 200, and sets this maXimum voltage value Vmax2 
as an A/D conversion range. The A/D conversion circuit 400 
sequentially receives signal voltages Vn2 output from the 
sample and hold circuits 30” via the sWitches SWnS, converts 
the signal voltages (analog signals) into digital signals, and 
outputs the digital signals. 

FIG. 2 is a circuit diagram of the maXimum value detec 
tion circuit 100 in the solid-state imaging device according 
to this embodiment. Note that the maXimum value detection 
circuit 200 also has the same arrangement. The maXimum 
value detection circuit 100 comprises NMOS transistors T1 
to TN, resistors R1 to R3, and a differential ampli?er A1. The 
source terminal of each transistor Tn is connected to ground, 
and the drain terminal of the transistor Tn is connected to a 
poWer supply voltage Vdd via the resistor R3 and also to the 
inverting input terminal of the differential ampli?er A1 via 
the resistor R1. The gate terminal of the transistor Tn is 
connected to the output terminal of the integrating circuit 
10”, and receives a signal voltage Vnl. The feedback resistor 
R2 is inserted-betWeen the inverting input terminal and 
output terminal of the differential ampli?er Al, the non 
inverting input terminal of Which is connected to ground. 

In the maXimum value detection circuit 100, signal volt 
ages Vn1 output from the respective integrating circuit 10” 
are input to the gate terminals of the transistors T”, and a 
potential corresponding to the maXimum value of the signal 
voltages Vn1 appears at the drain terminal of the transistor 
T”. The potential at the drain terminal is ampli?ed by the 
differential ampli?er A1 by a gain corresponding to the ratio 
of the resistances of the resistors R1 and R2, and the 
ampli?ed voltage value is output as the maXimum voltage 
value V from the output terminal. maxl 

FIG. 3 is a circuit diagram of the timing control circuit 
300 in the solid-state imaging device according to this 
embodiment. The timing control circuit 300 comprises a 
comparator A2, NOR circuits N1 and N2, NAND circuit 
AN 1, AND circuits AN2 and AN3, inverter circuits IN1 to 
IN3, resistor R4, capacitor C1, D-?ip-?op DF, counter 
circuit 310, and register circuit 320. 

The comparatorA2 compares the maXimum voltage value 
Vmax1 output from the maXimum value detection circuit 100 
With a reference voltage Vref, and outputs a comparison 
signal CM of logic “H” When the maXimum voltage value 
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6 
Vmax1 is larger than the reference voltage Vref. Note that the 
reference voltage Vref is set at a voltage loWer than a 
maXimum value that the maXimum voltage value Vmax1 can 
assume. 

The output terminal of the comparator A2 is connected to 
one input terminal of NOR circuit N1. The NOR circuit N1 
and the other NOR circuit N2 constitute an RS ?ip-?op 
circuit, and the remaining tWo input terminals of the NOR 
circuit N2 receive a reset signal RS and start signal ST. A 
sWitching signal CSW is output from the output terminal of 
the NOR circuit N1. The inverter circuit IN2 generates the 
reset signal RS1 by inverting the sWitching signal CSW. 
The D-?ip-?op DF receives an under?oW signal UNF 

from the counter circuit 310 at its data input terminal D, a 
sync clock signal CK of a relatively high frequency at its 
clock input terminal CLK, and the reset signal RS at its reset 
input terminal CLR. The NAND circuit AN 1 generates the 
reset signal RS2 by logically multiplying an inverted output 
QlB of the D-?ip-?op DF and the start signal ST, and 
logically inverting the AND. 
The AND circuit AN2 logically multiplies the inverted 

signal of the start signal ST output from the inverter circuit 
IN1, and the sWitching signal CSW, and supplies its output 
signal to an up-count control input terminal UP of the 
counter circuit 310. Furthermore, the counter circuit 310 
receives the start signal ST at its doWn-count control input 
terminal DOWN, and the sync clock signal CK at its clock 
input terminal CLK. When the up-count control input ter 
minal UP is at logic “H” and the doWn-count control input 
terminal DOWN is at logic “L”, the counter circuit 310 
counts up in synchronism With the sync clock signal CK, and 
makes the register circuit 320 hold and output its count value 
data CD. When the counter circuit 310 has over?oWed, it 
outputs over?oW data OVF. On the other hand, When the 
up-count control input terminal UP is logic “L” and the 
doWn-count control input terminal DOWN is logic “H”, the 
counter circuit 310 counts doWn in synchronism With the 
sync clock signal CK, and outputs its count value data CD 
via the register circuit 320. When the counter circuit 310 has 
under?oWed, it outputs under?oW data UNF. 

The inverter circuit 1N3 logically inverts the reset signal 
RS1 output from the inverter circuit IN2, and inputs the 
inverted logic signal to one input terminal of the AND circuit 
AN3 via the resistor R4. The one input terminal of the AND 
circuit AN3 is connected to ground via the capacitor C1, and 
the other input terminal receives the reset signal RS1. The 
AND circuit AN3 logically multiplies the logic signals input 
at the tWo input terminals, and outputs the AND as the 
control signal SWCNT. The inverter circuit IN3, resistor R4, 
capacitor C1, and AND circuit AN3 constitute a circuit for 
detecting the leading edge of the reset signal RS1. That is, 
the control signal SWCNT output from the AND circuit AN3 
changes to logic “H” from the time at Which the reset signal 
RS1 rises from logic “L” to logic “H” for a time period 
de?ned by the resistance of the resistor R4 and the capaci 
tance of the capacitor C1. 

FIG.4 is a circuit diagram of the A/D conversion circuit 
400 in the solid-state imaging device according to this 
embodiment. The A/D conversion circuit 400 comprises a 
variable capacitance integrating circuit 410, comparator A4, 
capacitance controller 420, and read unit 430. 
The variable capacitance integrating circuit 410 com 

prises a capacitor C2, ampli?er A3, variable capacitance unit 
C400, and sWitch SW1. The ampli?er A3 receives signal 
voltages Vnz, Which are output from the sample and hold 
circuits 30” and reach in turn via the sWitches SWnS, at the 
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inverting input terminal via the capacitor C2. The non 
inverting input terminal of the ampli?er A3 is connected to 
ground. The variable capacitance unit C400 has a variable 
and controllable capacitance, is inserted betWeen the invert 
ing input terminal and output terminal of the ampli?er A3, 
and integrates a charge in accordance With the input signal 
voltages. The sWitch SW1 is inserted betWeen the inverting 
input terminal and output terminal of the ampli?er A3, 
makes the variable capacitance unit C400 integrate a charge 
When it is opened, and resets a charge integrated on the 
variable capacitance unit C400 When it is closed. The 
variable capacitance integrating circuit 410 receives signal 
voltages output in turn from the output terminals of the 
sWitches SWnS, integrates the signal voltages in accordance 
With the capacitance of the variable capacitance unit C400, 
and outputs an integration signal as the integration result. 

The comparator A4 receives the integration signal output 
from the variable capacitance integrating circuit 410 at its 
inverting input terminal, and the maximum voltage value 
Vmax2 output from the maximum value detection circuit 200 
at its non-inverting input terminal, compares the values of 
these tWo input signals, and outputs a comparison result 
signal as a result of comparison. 

The capacitance controller 420 receives the comparison 
result signal output from the comparator A4, outputs a 
capacitance instruction signal C for controlling the capaci 
tance of the variable capacitance unit C400 on the basis of 
this comparison result signal, and outputs a ?rst digital 
signal corresponding to the capacitance of the variable 
capacitance unit C400 When it determines based on the 
comparison result signal that the value of the integration 
signal matches the maximum voltage value Vmwc2 at a 
predetermined resolution. 

The read unit 430 receives the ?rst digital signal output 
from the capacitance controller 420, and outputs a second 
digital signal corresponding to this ?rst digital signal. The 
second digital signal indicates a value obtained by removing 
an offset value of the variable capacitance integrating circuit 
410 from the value of the ?rst digital signal. The read unit 
430 is, for example, a memory, receives the ?rst digital 
signal as an address, and outputs data stored at that address 
of the memory as the second digital signal. The second 
digital signal is a light detection signal output from the 
solid-state imaging device according to this embodiment. 

FIG. 5 is a detailed circuit diagram of the variable 
capacitance integrating circuit 410 in the A/D conversion 
circuit 400. FIG. 5 shoWs the circuit arrangement compris 
ing an A/D conversion function Which has a resolution of 
1/24=1/16, and the folloWing explanation Will be given using 
this circuit arrangement. 
As shoWn in FIG. 5, the variable capacitance unit C400 

comprises capacitors C411 to C414, sWitches SW411 to 
SW414, and sWitches SW421 to SW424. The capacitor 
C411 and sWitch SW411 are cascaded, and are inserted 
betWeen the inverting input terminal and output terminal of 
the ampli?er A3. The sWitch SW421 is inserted betWeen the 
node of the capacitor C411 and sWitch SW411, and the 
ground potential. The capacitor C412 and sWitch SW412 are 
cascaded, and are inserted betWeen the inverting input 
terminal and output terminal of the ampli?er A3. The sWitch 
SW422 is inserted betWeen the node of the capacitor C412 
and sWitch SW412, and the ground potential. The capacitor 
C413 and sWitch SW413 are cascaded, and are inserted 
betWeen the inverting input terminal and output terminal of 
the ampli?er A3. The sWitch SW423 is inserted betWeen the 
node of the capacitor C413 and sWitch SW413, and the 
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8 
ground potential. The capacitor C414 and sWitch SW414 are 
cascaded, and are inserted betWeen the inverting input 
terminal and output terminal of the ampli?er A3. The sWitch 
SW424 is inserted betWeen the node of the capacitor C414 
and sWitch SW414, and the ground potential. 
The sWitches SW411 to SW414 are respectively opened/ 

closed on the basis of bits C11 to C14 of the capacitance 
instruction signal C output from the capacitance controller 
420. The sWitches SW421 to SW424 are respectively 
opened/closed on the basis of bits C21 to C24 of the 
capacitance instruction signal C output from the capacitance 
controller 420. Capacitances C1 to C4 of the capacitors C411 
to C414 satisfy: 

That is, the sWitches SW421 to SW424 remove charges 
integrated on the capacitors C411 to C414, and reset in 
integrating operation When they are closed. The capacitors 
C411 to C414 determine an output signal level. Since the 
composite capacitance of the capacitors C411 to C414 
increases With increasing number of capacitors C411 to 
C414 that can integrate charges When the sWitches are 
closed, the output signal level becomes smaller. When the 
composite capacitance increases, since the output signal 
level is reduced, saturation can be suppressed. HoWever, 
since the output signal level is small, accurate A/D conver 
sion is disturbed. In this embodiment, the output signal level 
is automatically adjusted to maximiZe Within the range that 
does not exceed the maximum value Vmaxz, as Will be 
described later. 
The operation of the solid-state imaging device according 

to this embodiment Will be explained beloW. Note that a case 
Will be explained beloW Wherein the solid-state imaging 
device according to this embodiment constitutes a active 
distance measurement device together With one or a plurality 
of light-emitting diodes LED” (projection means: see FIG. 
1). In the operation to be described beloW, background light 
components are removed by tWo processes during ?rst and 
second periods T1 and T2, and a light detection signal of 
only spot light components projected from the light-emitting 
diodes LED, onto an object is output. 
The light-emitting diodes LED” are turned on to stop 

charging of the second integrating circuits 20”, and to start 
charging (integration) of the ?rst integrating circuits 10”, 
and the counter circuit 310 measures this charging period. 
The maximum voltage value Vmax1 gradually rises as charg 
ing progresses, and When the maximum voltage value Vmax1 
has exceeded the-reference voltage Vref, the integrating 
operations of the integrating circuits 10” and measurement 
of the charging period by the counter circuit 310 stop. That 
is, the period from the ON timing of each light-emitting 
diode LED” until the integrated value of charge reaches a 
predetermined value is measured in association With the 
output from the photodiode that gives a maximum integrated 
value. The measured period is proportional to the intensity 
of the total incident light to the photodiode. 

Note that the integrated value is stored in each capacitor 
C1”. After the light-emitting diodes LED, are turned off, the 
integrating circuits 10” and 20” start integrating operations 
for the same period as the measured period. Integration 
during this period is proportional to the background light 
intensity. Therefore, upon turning on and off the light 
emitting diodes LED”, an output obtained by removing the 
background light intensity (LEDn=OFF) from the total inci 
dent light intensity (LEDn=ON) is output from each second 
integrating circuit 20”. The operation Will be explained in 
detail beloW. 



US 6,606,123 B2 
9 

FIG. 6 is a timing chart for explaining the operation of the 
solid-state imaging device according to this embodiment. 

During a period T1, the start signal ST is maintained at 
logic “L”, and the light-emitting diodes LED” are driven by 
the inserted signal of the start signal ST to emit light. When 
this state is set, since the reset signal RS2 changes to logic 
“H”, the sWitches SW”3 of the integrating circuits 20” are 
closed to stop charging of the capacitors Cn3. 
When the reset signal RS instantaneously changes to logic 

“H” at start time t1, the sWitching signal CSW is inverted to 
logic “H” and the reset signal RS1 is inverted to logic “L” 
in synchronism With the signal RS. As a result, the sWitches 
SWn1 of the integrating circuits 10” are opened. 
Furthermore, since the up-count control input contact UP 
changes to logic “H” and the doWn-count control input 
contact DOWN changes to logic “L”, the counter circuit 310 
starts an up-count operation. 
As a result, during the period T1, the photodiodes PDn 

receive both spot light components emitted by the light 
emitting diodes LED” and re?ected by an object, and 
background light components, and output signal currents 
generated according to those incident light components. 
Since the integrating circuits 10” receive the signal currents 
and integrate charges on their capacitors Cnl, signal voltages 
Vn1 output from the output terminals of the integrating 
circuits 10” rise gradually, the maximum voltage value 
Vmax1 output from the maximum value detection circuit 100 
also rises gradually, and the counter circuit 310 measures 
that charging period. 
When the maximum voltage value Vmwc1 as a maximum 

value of the signal voltages Vn1 output from the integrating 
circuits 10” has exceeded the reference voltage Vref at given 
time t2, the comparison output CM output from the com 
parator A2 changes to logic “H”. In synchronism With this 
output, the sWitching signal CSW output from one NOR 
circuit N1 that forms the RS ?op-?op changes to logic “L”, 
and the reset signal RS1 is inverted to logic “H”. As a result, 
the sWitches SWn1 of the integrating circuits 10” are closed, 
and the integrating operations of the integrating circuits 10” 
stop. Furthermore, since the up-count control input contact 
UP is inverted to logic “L”, the counter circuit 310 stops the 
count-up operation. 

In this manner, the period until time t2 at Which the 
maximum voltage value Vmax1 output from the maximum 
value detection circuit 100 has exceeded the-reference volt 
age Vref is T1. Let Vn11 be the value of a signal voltage 
output from the output terminal of each integrating circuit 
10” at time t2. Also, let Ins be a value corresponding to spot 
light components of the signal current input from each 
photodiode PDn to the input terminal of the integrating 
circuit 10”, and Ind be a value corresponding to background 
light components. Then, We have: 

Furthermore, upon rising of the reset signal RS1, the 
control signal SWCNT changes to logic “H” for a predeter 
mined period of time, and the sWitches SW”2 are closed for 
the predetermined period of time, thus holding the values 
Vn11 of the signal voltages in the capacitors Cnz. 

Furthermore, the counter circuit 310 internally holds a 
count value CD corresponding to the time period T1, and 
also makes the register circuit 320 hold it. Note that When 
the intensity of incident light on each photodiode PD” is 
Weak, since the time period required until the maximum 
voltage value Vmwc1 exceeds the reference voltage Vref 
becomes long, the counter circuit 310 holds a count value 
CD indicating a long time period T1. Conversely, When the 
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10 
intensity of incident light on each photodiode PD” is strong, 
since the time period required until the maximum voltage 
value Vmax1 exceeds the reference voltage Vref becomes 
short, the counter circuit 310 holds a count value CD 
indicating a short time period T1. Therefore, the count value 
CD held in the counter circuit 310 assumes a value propor 
tional to the light intensity. 
When the intensity of incident light on each photodiode 

PD” is very Weak, and the counter circuit 310 has over 
?oWed before the maximum voltage value Vmwc1 exceeds 
the reference voltage Vref, the over?oW signal OVF is 
generated, and an unmeasurable state can be externally 
informed. 
At given time t3, the start signal ST is inverted to logic 

“H” and the reset signal RS simultaneously changes to logic 
“H”. Furthermore, emission of each light-emitting diode 
LED” is stopped. Therefore, the sWitching signal CSW 
output from the NOR circuit N1 that forms the RS ?ip-?op 
circuit is inverted to logic “H”, and the reset signal RS1 is 
inverted to logic “L” synchronously. Furthermore, the reset 
signal RS2 also changes to logic “L”. That is, the sWitches 
SWn1 of the integrating circuits 10” are opened, and the 
sWitches SW”3 of the integrating circuits 20” are also 
opened. Furthermore, since the up-count control input con 
tact UP changes to logic “L”, and the doWn-count control 
input contact DOWN changes to logic “H”, the counter 
circuit 310 starts a doWn-count operation from the held 
value CD. 
As a result of such sWitching operation, the integrating 

circuits 10” receive signal currents Which are output from 
the photodiodes PD” and correspond to only the background 
light components, and integrate charges on the capacitors 
Cnl. The integrating circuits 20” integrate charges as the 
differences betWeen those on the capacitors Cn1 and Cn2 on 
the capacitors Cn3 according to the principle of conserva 
tion. 
When the count value of the counter circuit 310 has 

reached Zero, since the under?oW signal UNF is inverted to 
logic “H” at that time t4, the inverted output QlB of the 
D-?ip-?op DF is inverted to logic “L”, and the reset signal 
RS2 is inverted to logic “H”, the sWitches SW”3 are closed, 
and a period T2 is determined. That is, the period from time 
t3 to time t4 is T2. Since the period T2 is determined as a 
result of the count operation of the counter circuit 310, the 
periods T1 and T2 are equal to each other. 

Let Vn12 be the value of a signal voltage output from the 
output terminal of each integrating circuit 10” at time t4. 
Also, let the signal current input from each photodiode PDn 
to the input terminal of the integrating circuit 10” correspond 
to only background light component. Then, We have: 

Vn12=1mi'n/Cn1 (4) 

Where Ind is the value of the signal current input from each 
photodiode PDn to the input terminal of the integrating 
circuit 10”. 

Since each integrating circuit 20, stops integration during 
the period T1, and executes integration during the period T2, 
a charge given by: 

(Vn11_Vn12)'Cn2=Vn2'Cn3 (5) 

is integrated on the capacitors Cn2 and Cn3 in accordance 
With the principle of conservation of charge. 

Substituting equations (3) and (4) in equation (5) and 
letting. T=T1=T2 yields a signal voltage Vn2 Which is output 
from the output terminal of each integrating circuit 20” and 
is given by: 
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Vn2Ins-T-Cn2/(Cn1-Cn3) (6) 

If the capacitances of the capacitors Cn2 and Cn3 are equal 
to each other, the above equation is rewritten as: 

After that, the sWitches SW”4 of the sample and hold 
circuits 30” are closed for a predetermined period of time, 
and the signal voltages Vn2 output from the output terminals 
of the integrating circuits 20” are held in the capacitors Cn4. 
The signal voltages Vn2 held in the capacitors Cn4 become 
the outputs of the sample and hold circuits 30, via the 
ampli?ers A16. The signal voltages output from the sample 
and hold circuits 30” are input to the maximum value 
detection circuit 200 to detect a maXimum voltage value 
Vmaxz, and are input in turn to the A/D conversion circuit 
400 since the shift register 500 closes the sWitches SWnS. 

The operation of the A/D conversion circuit 400 Will be 
described beloW using FIGS. 7A to 7D. At time t4 at Which 
the aforementioned period T2 ends, the sWitch SW1 of the 
variable capacitance integrating circuit 410 is closed, and the 
variable capacitance integrating circuit 410 is reset. Also, the 
sWitches SW411 to SW414 of the variable capacitance 
integrating circuit 410 are closed, and the sWitches SW421 
to SW424 are opened to set the capacitance of the variable 
capacitance unit C400 at C0. 
At certain time after time t4, the sWitch SW1 is opened 

and the sWitch SW15 is also opened. A signal voltage V12 
output from the sample and hold circuit 301 is input to the 
variable capacitance integrating circuit 410 via the sWitch 
SW15. When the signal voltage V12 is input to the capacitor 
C2 of the variable capacitance integrating circuit 410, a 
charge Q corresponding to the value of that signal voltage 
V12 and the capacitance C0 of the variable capacitance unit 
C400 ?oWs into the variable capacitance unit C400 (see FIG. 
7A). At this time, a value Vm of an integration signal output 
from the variable capacitance integrating circuit 410 is given 
by: 

Subsequently, the capacitance controller 420 opens the 
sWitches SW412 to SW414 of the variable capacitance unit 
C400, and then closes the sWitches SW422 to SW424 (see 
FIG. 7B). As a result, the capacitance of the variable 
capacitance unit C400 becomes C1, and a value Vsb of an 
integration signal output from the variable capacitance inte 
grating circuit 410 is given by: 

VSb=Q/C1 (9) 

This integration signal is input to the comparator 4A, and its 
value is compared With the maXimum voltage value Vmwcz. 

If VSb>Vmwc2, the capacitance controller 420 further opens 
the sWitch SW422 of the variable capacitance unit C400 in 
response to this comparison result, and then closes the 
sWitch SW412 (see FIG. 7C). As a consequence, the capaci 
tance of the variable capacitance unit C400 becomes C1+C2, 
and a value VSC of an integration signal output from the 
variable capacitance integrating circuit 410 is given by: 

This integration signal is input to the comparator 4A, and 
its value is compared With the maXimum voltage value 
V 
On the other hand, if VSb<Vmax2, the capacitance control 

ler 420 further opens the sWitches SW411 SW422 of the 
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variable capacitance unit C400 in response to this compari 
son result, and then closes the sWitches SW412 and SW421 
(see FIG. 7D). As a result, the capacitance of the variable 
capacitance unit C400 becomes C2, and a value Vsd of an 
integration signal output from the variable capacitance inte 
grating circuit 410 is given by: 

This integration signal is input to the comparator 4A, and 
its value is compared With the maXimum voltage value 
Vma?. 

After that, a feedback loop including the variable capaci 
tance integrating circuit 410, comparator A4, and capaci 
tance controller 420 similarly repetitively sets the capaci 
tance of the-variable capacitance unit C400 and compares 
the value of the integration signal and the maXimum voltage 
value Vmm2 until the capacitance controller 420 determines 
that the value of the integration signal and the maXimum 
voltage value Vmax2 match at a predetermined resolution. 
Upon completion of the capacitance control for all the 
capacitors C411 to C414 of the variable capacitance unit 
C400 in this Way, the capacitance controller 420 outputs a 
digital signal corresponding to the ?nal capacitance of the 
variable capacitance unit C400 to the read unit 430. 

The read unit 430 receives the digital signal output from 
the capacitance controller 420 as an address, and outputs 
digital data stored at that address of the memory as a light 
detection signal-of the solid-state imaging device according 
to this embodiment. In this manner, a signal voltage V12 
corresponding to the intensity of incident spot light on the 
?rst photodiode PD” is converted into a digital signal-by the 
A/D conversion circuit 400, and that digital signal is output 
as a light detection signal. Similarly, signal voltages Vn2 
corresponding to the intensity of incident spot light on the 
second and subsequent photodiodes PD” are converted into 
digital signals by the A/D conversion circuit 400, and these 
digital signals are sequentially output as light detection 
signals. 

Since the maXimum value of the signal voltages Vn2 input 
to the variable capacitance integrating circuit 410 is the 
maXimum voltage value Vmaxz, and the maXimum value of 
the capacitances of the variable capacitance unit C400 is CO, 
the maXimum value of the charge Q that ?oWs into the 
variable capacitance unit C400 is Vmax2~CO from equation 
(8). If a given n-th signal voltage Vn2 assumes the maXimum 
voltage value Vmwcz, all the sWitches SW411 to SW414 of 
the variable capacitance unit C400 are closed to set the 
capacitance of the variable capacitance unit C400 at C0. On 
the other hand, if another n-th signal voltage Vn2 assumes a 
value smaller than the maXimum voltage value Vmaxz, since 
the charge Q that ?oWs into the variable capacitance unit 
C400 is smaller than VmaXZCO, one of the sWitches SW411 
to SW414 of the variable capacitance unit C400 is opened, 
so that the integration signal output from the variable 
capacitance integrating circuit 410 becomes equal to the 
maXimum voltage value V 
As described above, the maXimum voltage value Vmax2 

Which is output from the maXimum value detection circuit 
200 and is input to the comparator A4 de?nes the maXimum 
value of the signal voltages Vn2 that the A/D conversion 
circuit 400 can A/D-convert Without being saturated, i.e., the 
A/D conversion range. In addition, since one of the signal 
voltages Vn2 input to the A/D conversion circuit 400 
assumes the maXimum voltage value Vmwcz, the entire A/D 
conversion range can be effectively utiliZed. That is, the 
solid-state imaging device according to this embodiment is 
not saturated even When the intensity of incident light is 
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large, and can assure a high A/D conversion resolution even 
When the intensity of incident light is small. 
When an image of only spot light components is obtained 

by subtracting the image sensing result of background light 
components from that of the spot light components and 
background light components like in a case Wherein the 
photosensitive device is used in the distance measurement 
device, and When the background light components of 
incident light on each photodiode PD” are larger than the 
spot light components, a digital signal output from the A/D 
conversion circuit based on the spot light components 
obtained as the difference can have high resolution. 
As described above, according to the photosensitive 

device, the ?rst integrating circuits integrate charges in 
accordance With signal currents output from the intensities 
of incident light on the respective photosensitive elements, 
and output signal voltages. The ?rst maXimum value detec 
tion circuit detects the maXimum value of the signal voltages 
output from the N ?rst integrating circuits. The A/D con 
version circuit sets its A/D conversion range on the basis of 
the maXimum value detected by the ?rst maXimum value 
detection circuit, converts the signal voltages output from 
the N ?rst integrating circuits into digital signals, and 
outputs the digital signals. Therefore, the photosensitive 
device is never saturated even When the intensity of incident 
light is large, and can assure a high A/D conversion reso 
lution even When the intensity of incident light is small. 
When the photosensitive device further comprises the 

second integrating circuits, sWitches, capacitors, and second 
maXimum value detection circuit, the second integrating 
circuits receive signal currents output in accordance With the 
the intensities of incident light on the respective photosen 
sitive elements, integrate charges based on the signal 
currents, and output signal voltages. The second maXimum 
value detection circuit detects the maXimum value of the 
signal voltages output from the N second integrating cir 
cuits. The timing control circuit controls the operation 
timings of the ?rst and second integrating circuits on the 
basis of the maXimum value detected by the second maXi 
mum value detection circuit, and various noise components 
are removed from a signal voltage output from each second 
integrating circuit. 
When the photosensitive device is used together With 

projection means for projecting spot light toWard an object, 
and the background light components of incident light on 
each photosensitive element are larger than the spot light 
components, each ?rst integrating circuit obtains an image 
of only the spot light components by subtracting the image 
sensing result of the background light components from that 
of the spot light components and background light compo 
nents. A digital signal output from the A/D conversion 
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circuit based on the spot light components obtained as the 
difference can have high resolution. 

Note that the second largest numerical value may be used 
in place of the maXimum value Vmax1 or Vmaxz, or a 
numerical value of an appropriate order may be used if 
necessary. 
What is claimed is: 
1. Aphotosensitive device comprising N ?rst integrating 

circuits arranged in correspondence With a one- or tWo 
dimensional array of N (N22) photosensitive elements, a 
?rst detection circuit for selecting and detecting a speci?c 
signal from N signal voltages output from said N ?rst 
integrating circuits, an A/D conversion circuit for converting 
the signal voltages output from said N ?rst integrating 
circuits into digital signals on the basis of the signal detected 
by said ?rst detection circuit, and outputting the digital 
signals, N second integrating circuits arranged in correspon 
dence With the N photosensitive elements, sWitches and 
capacitors inserted in turn betWeen N sets of second inte 
grating circuits and ?rst integrating circuits, a second detec 
tion circuit for selecting and detecting a speci?c signal from 
signal voltages output from said N second integrating 
circuits, and a timing control circuit for controlling opera 
tion timings of said ?rst and second integrating circuits on 
the basis of the signal detected by said second detection 
circuit. 

2. A photosensitive device according to claim 1, charac 
teriZed in that said photosensitive device is applied to a 
solid-state imaging device Which is used together With 
projection means for projecting spot light toWard an object, 
said timing control circuit controls said N second integrating 
circuits to integrate ?rst charge amounts on the basis of 
signal currents output from the N photosensitive elements 
illuminated by spot light components and background light 
components during a ?rst period in Which the spot light is 
projected, and controls said N second integrating circuits to 
integrate second charge amounts on the basis of signal 
currents output from the N photosensitive elements illumi 
nated by the background light components and said N ?rst 
integrating circuits to integrate charge amounts as differ 
ences betWeen the ?rst and second charge amounts during a 
second period in Which said projection means does not 
project the spot light onto the object. 

3. A photosensitive device according to claim 1, charac 
teriZed in that the speci?c signal detected by said ?rst 
detection circuit is a signal having a maXimum value. 

4. A photosensitive device according to claim 1, charac 
teriZed in that the speci?c signal detected by said second 
detection circuit is a signal having a maXimum value. 


